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CHAPTER  A-10 
GEOTECHNICAL ANALYSIS 

NORTH KANSAS CITY – LOWER 
(NATIONAL STARCH AREA) 

 
 

A-10.1 INTRODUCTION 
This chapter presents the geotechnical evaluation results for the National Starch 

area of the North Kansas City - Lower Unit, which was determined to have a high enough 
probability of failure under the existing level of protection to warrant further study.  This 
determination relies on historical borings and soil test information combined with recent 
subsurface borings and soil test information. 

 
A-10.2 SOURCES OF EXISTING LEVEE DESIGN INFORMATION 

The primary sources of information for this geotechnical analysis include the 
references listed in the References section of this chapter. 

 
A-10.3 DESCRIPTION OF THE LEVEE UNITS 

Refer to Section A-4.3.9 for a detailed description of the North Kansas City – 
Lower Unit. 

 
A-10.4 LEVEE DESIGN FEATURES 

 
 A-10.4.1  Existing Levee and Floodwall Sections 

The North Kansas Unit is a Federal protection system.  It consists of the Airport 
Section and the Lower Section, as explained by the General chapter of this appendix.  It 
was originally constructed as a non-Federal levee, but was removed and replaced using 
Federal standards in 1947.  The final contract for construction of the project was 
completed in 1955. 

Upper reach of the Lower Section - The section of the North Kansas City levee 
not included in the Airport Section is called the Lower Section.  It includes Stations 0+00 
to 70+40 and Stations 210+40 to 469+17.  The upper reach of the Lower Section consists 
of a levee section with one stoplog gap.  The levee was constructed with a 1V on 3H 
riverside slope and 1V on 4H landside slope.  No underseepage control measures were 
constructed in the upper reach due to the low height of the levee and thick blanket 
conditions. 

Lower reach of the Lower Section - The lower reach consists of a levee section 
with one sandbag gap and two stoplog gaps.  The levee was constructed with a 1V on 4H 
riverside slope and 1V on 3H landside slope.  The underseepage control measure consists 
of landside seepage berm in open areas.  Industry restricted the lateral extent of 
underseepage berm in the Harlem area (no berm constructed) and the National Starch 
area (partial berm constructed).  Very large berms in excess of 1,000 feet landward of the 
primary levee toe were constructed between Stations 280+00 to 400+00. 

A plan view of the North Kansas City Unit and typical sections are provided as 
Exhibits A-9.1 through A-9.7 in the Supplemental Exhibits section of Chapter 9. 
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 A-10.4.2  Future Flood Protection Concerns 
This levee unit is not recommended for a raise based on the hydraulic analysis of 

the Missouri and Kansas River flows.  During the 1993 flood, Station 210+40 to Station 
275+00 was reported to have serious flood fighting (see Exhibit A-10.1 in the 
Supplemental Exhibits section).  Property owners reported excessive water pressures 
below pavement and building slabs.  That pressure resulted in uncontrolled piping of silt 
foundation blanket materials.  Their flood fight efforts consisted of sandbag ring dikes 
with temporary sand fill placement inside the seepage areas.  In one building foundation 
near National Starch, a standpipe was constructed to offset the excessive head and reduce 
the piping potential.  In another location inside of the National Starch property, sewer 
piping collapsed resulting in multiple sinkholes inside the protected area. 

The 1993 flood did not reach the top of levee in these problem areas.  A full head 
to the top of the levee may have lead to catastrophic underseepage failure of this area and 
all contiguous area inside the North Kansas City protection unit. 
 

A-10.4.3  Area Site Characterization 
The foundation characteristics for the reach between Station 259+00 to 273+00 

were developed using existing Corps borings taken in the late 1940’s supplemented with 
private boring information obtained during review of Completed Works for the expansion 
of National Starch within this reach.  Exhibits A-10.2 through A-10.4 were used to 
characterize the foundation below and inside of the levee for Station 259+00 to 273+00.  
Corps borings DH-33, DH-34, DH-38, DH-39, DH-43, DH-44 and DH-48 are on the 
centerline of the existing levee.  Alpha Omega borings B1 to B7 were located landside of 
the landside stability berm.  Borings B1 to B7 were obtained to provide geotechnical 
assessment of underseepage pressures to design the expansion of National Starch 
facilities.  The C.W. Nofsinger Company report identifies underseepage problems 
encountered during the flood of 1993 and flood fighting efforts taken to control the loss 
of foundation soils.   Piping of foundation silt materials is reported, as well as sinkhole 
collapse of paved areas well inside the flood protection levee.  High foundation pressures 
were observed and movement of foundation soils raised a concern regarding the overall 
reliability of the constructed flood protection levee section. The limits of foundation soil 
movement towards the flood protection were not discussed in the report. 

The cross section provided in Exhibit A-10.5 indicates the intent of the original 
designers to cutoff upper pressures in the known heterogeneous layering of sand, silts and 
clays.  The performance of the foundation inside of the levee indicates that the cutoff was 
not entirely reliable.  The flow below the levee is finding a seepage path below the cutoff 
and into the upper sand lenses.  This mixture of layering of foundation sands makes 
assessment of existing conditions very difficult.  The boring information in the reach 
being considered shows the blanket conditions characterized as approximately 5 feet of 
“equivalent” blanket overlying the foundation sands for underseepage piping existing 
condition assessment. The 5 feet of blanket is determined using the assumption that the 
impervious cutoff shown in the section is not fully reliable.  River waters have found an 
entrance into the upper sands lenses without losing a considerable amount of head.  This 
would explain the 1993 reported surface sinkholes problems. 
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A-10.4.4  Underseepage Analysis 
The reach from Stations 259+00 to 273+00 experienced excessive uplift pressure 

during the 1993 flood below the existing access road and adjacent structural foundations.  
The underseepage analysis was modeled after consideration of the types of soils landward 
of the levee, the consistency of the thickness of the soil blanket clays or silts, the 
thickness of the sand deposit below the levee blanket materials, the lateral extent of the 
blanket landside and riverward of the levee, the effects of the location of the Missouri 
River, and the height of the existing levee.  All of these variables were considered during 
the development of the model to characterize the representative reaches along the 
alignment of the levee.  

 The reach was analyzed to determine the landside resistance to upward gradient 
pressures which could initiate piping of the blanket materials.  This could lead to 
subsequent piping of sand grains toward the river entrance, leading to ultimate collapse of 
the levee section due to the foundation voids caused by piping.  Soil begins moving in the 
blanket when the pressure change in a vertical column of material exceeds the weight of 
the material bearing on the location where the pressure change occurs.  Because pressure 
typically decreases from depth to the surface, a diagram of the change in pressure 
typically produces a sloping line or “gradient”.  The underseepage design aims to assure 
that the weight of the soil column at any depth exceeds the upward gradient by a safety 
factor. 

The safety factor for checking the materials at the landside toe of the North 
Kansas City levee is 1.1.  An additional design requirement is to provide underseepage 
control when the safety factor with respect to critical gradient is less than 1.5 with the 
design water surface 3 feet below the top of levee.  Usually the 1.5 safety factor controls 
the required underseepage design.  If the 1.1 safety factor or secondary check of 1.5 is not 
satisfied, the underseepage control is designed to meet a safety factor of 1.5 for the berm 
design, the buried collector design, and the pressure relief well design. 

Berm design was considered only when the area landside of the levee was 
available for construction.  If area for a berm was not available, a buried collector system 
was considered.  In areas that exhibited a blanket thickness of less than 5 feet, relief wells 
were considered appropriate to provide the underseepage control.  The safety factor was 
set midway between wells to a minimum of 1.5.  The pressures at the base of the blanket 
at the midpoint between wells will reach a maximum, and initiation of soil grain 
movement will begin at these locations. 

Permeability parameters were assigned to the blanket materials based on the 
content of silt, clay or sand.  Only areas that contained a blanket thickness of at least ¼ 
the height of the levee were considered meaningful in the underseepage model.  For thin 
blanket areas, pressure relief wells are considered appropriate for underseepage control. 

The existing safety factor in the underseepage analysis was calculated using water 
at the top of levee.  The relative magnitude of the permeability ratios of the clean 
foundation sands to the blanket materials was set after observation of boil activity from 
the 1951 flood.  The Kansas City District method of estimating the underseepage gradient 
and the required safety factors deviates somewhat from the method presented in the EM-
1110-2-1913.  The Kansas City District’s traditional empirical approach has been used 
since the 1960’s and has proven effective in providing adequate underseepage control for 
most reaches within the North Kansas City Unit.  This method is based on conclusions of 
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a Corps of Engineers conference, held in Omaha in November, 1962.  The excellent 
historical performance of the levees during the 1993 flood event on the Missouri River 
demonstrates the effectiveness of this procedure.  The traditionally assumed permeability 
ratios for blanket materials are shown in Table A-10.1. 

 
 

TABLE A-10.1 
Permeability Ratios for Blanket Materials 

 
 
 
 
 
 
 
 

 
 
 

The calculations of the underseepage factors of safety that were used in the 
underseepage analysis are as follows: 

 
The gradient piping factor of safety is defined as: 
 
FSi   =  іс / іo  
 

where іo  =  actual gradient and іс = critical gradient 
 
 іс  =  γb  /  γw     when soils particles movement can begin at the toe  
 
and  γb  =  γsat - γw  where γsat  =  saturated unit weight of the soil and  
 
γw  =  unit weight of water 
 
іo  =  upward gradient through the blanket = change in head from the base 
of the blanket to the top of the blanket.  The reference datum is set at the 
top of the blanket because the movement of the soil grain will begin at the 
top of the blanket. 
 
∆h  =  gradient head calculated at the base of the blanket measure from the 
reference datum, the top of the blanket. This gradient calculation 
procedure is provided in the Geotechnical Analysis – Existing Conditions 
chapter of this appendix with defined equations and illustrative 
nomenclature. 
zbl  =  the thickness of the blanket 
 

Blanket Material Assigned 
Permeability Ratio 

SM : Silty Sand 100 
ML : Silt 200-400 
ML-CL : Silt/Clay 400 
CL: Lean Clay 400-600 
CH: Fat Clay 800-1000 
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іo  =  ∆h / zbl  
 
then  FSi  =  іс / іo  =  ( γb  / γw  ) / ( ∆h / zbl )  =  ( γb ∗ zbl ) / ( ∆h ∗ γw ) 

 
A-10.4.5  Proposed Future Conditions Assessment 

The existing conditions “equivalent” section was analyzed to determine the factor of 
safety with respect to piping at the toe of the existing landside stability berm.  The 
existing landside stability berm varies from 70 feet to 210 feet.  The analysis indicates a 
600 feet long underseepage berm is needed.  Refer to Exhibit A-10.6 in the Supplemental 
Exhibits section for calculations related to the berm analysis.  The berm design 
considered the existing berm length due to the presence of the stability berm.  The 
required length landside of the existing toe of levee, 600 feet, results in an additional 
155,000 cubic yards of random materials.  The 600 feet long berm would require many 
structures, utilities, and railroad line to be relocated and appears to be very cost 
prohibitive.   Also, the use of an underseepage berm will control piping failure at the 
immediate toe of the existing levee, but may exacerbate the magnitude of the pressure 
landward into existing basement foundations that extend deeper into the foundation 
sands.  A buried collector was another considered solution for this reach, but it could 
ultimately be as unreliable as the original design if the collector does not intercept all 
sand lenses carrying high river head.   A positive cutoff to bedrock represents the most 
effective, but also the most costly, solution.  The most reliable solution is considered to 
be the use of pressure relief wells.  Due to the restrictive right-of-way near the toe of the 
levee, it is felt that the relief wells will provide the most effective control for all areas 
adjacent to the levee.  A line of wells was designed to provide the needed pressure relief 
to result in a factor of safety of 1.5 at the point midway between wells.  Twenty 10-inch 
diameter stainless steel pressure relief wells, spacing on 75-foot centers, are estimated to 
bring the area within present design requirements.  Refer to Exhibit A-10.7 for 
calculations related to the relief well design.  Table A-10.2 provides a summary of the 
two most feasible alternatives. 

    
 

TABLE A-10.2 
Design Alternatives Considered 

 

Design 
Alternates 

Design 
Head, 
Feet 

Blanket 
Thickness, 

Feet 

Well 
Discharge 

(each), 
cfs 

Well 
Spacing, 

Feet 

Berm 
Length, 

Feet 

Well 
Losses, 

Feet 

Discharge 
Below 
Grade, 

feet 
Relief 
Wells 16.3 5.2 1.25 75 NA 1.3 1.75 

Berm 
Design 16.3 5.2 NA NA 600 NA NA 
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The foundation sand thickness assumed for the above design option was fixed at 
90 feet based on experience in the Missouri River Valley for this reach of the valley.  The 
well losses consist of friction head loss, well entrance loss, and velocity head losses.  
Well entrance losses are generally less than 0.1 feet.  The well velocity and friction head 
losses are a function of the discharge flowing from the wells.  The well velocity and 
friction losses were modeled using Civil Works Bulletin 55-11. 

A relief well spacing of 75 feet is recommended for the feasibility level cost 
estimate with a discharge location 2 feet below grade to assure that the foundation 
gradient is kept below that needed to provide a factor of safety of 1.5 between wells.   It 
is recommended that subsurface investigation be conducted to determine the lateral 
extent of the blanket materials to confirm the required spacing needed for the relief well 
system and supplement the expected subsurface soils for excavation of the header system 
and pumping plant. 
 

A-10.4.6  Reassessment of Existing Risk and Uncertainty 
The existing conditions analysis (refer to Geotechnical Anaylsis – Existing 

Conditions chapter) was provided as a limited initial evaluation of the North Kansas City 
Unit’s underseepage risk.  This chapter indicates that the National Starch area is an  area 
of concern based on recent discovery of the flood fighting efforts inside of levee Stations 
257+00 to 272+00.  An additional risk and uncertainty analysis is provided for this area.  
The results are provided for consideration in Table A-10.3 below. 

 
 

TABLE A-10.3 
Existing Conditions Risk and Uncertainty Results 

 
Station 257+00 to 272+00 

Height of Water on 
Levee, feet 

Probability of Unsatisfactory 
Performance 

1.0 0.0000 

2.0 0.0000125 

4.0 0.0036 

6.0 0.0362 

8.0 0.1224 

10.0 0.2509 
11.5 

(1993) 0.3580 

13.2 0.4760 
15.7 

(top of levee) 0.6261 
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The assessment of the existing conditions includes observations that led to the 
selection of a satisfactory performance with respect to underseepage using a factor of 
safety of 0.7.  Historical observations concluded that a factor of safety of 0.55 represents 
impending failure of the toe of the levee.  The observations in 1993 did not lead to total 
failure of the levee toe for the level of water on the levee.  The levee from Sta. 257+00 to 
273+00 included flood fighting to save the foundation of an existing processing building 
(landside of the toe in excess of 500 feet).  ETL 1110-2-556 indicates the use of a factor 
of 1.0 in the underseepage analysis.  The North Kansas City levee experienced a factor of 
safety lower than 1.0 and did not fail for that water level during the flood of 1993.  The 
observations and calculations indicate a factor of safety near 0.7 may be representative.  
A higher river level most likely would result in an even lower factor of safety.  For a 
factor of safety of 0.7, the probability of a catastrophic underseepage failure was 
calculated to be greater than 60% for Sta. 259+00 to 271+00.  Refer to Exhibits A-10.8 
through A-10.16 in the Supplemental Exhibits section for calculations and information 
related to the probability of failure calculations. 

Pressure relief wells are recommended for Stations 259+00 to 271+00.  These 
systems are to be designed in accordance with Corps of Engineers’ manuals in order to 
strengthen the two weak sections of the levee and eliminate the serious risk of 
underseepage failure. 
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A-10.6 SUPPLEMENTAL EXHIBITS 
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EXHIBIT A-10.1 
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EXHIBIT A-10.2 
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EXHIBIT A-10.3 
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EXHIBIT A-10.4 
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EXHIBIT A-10.5 
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EXHIBIT A-10.6 
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EXHIBIT A-10.6 (Continued) 
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EXHIBIT A-10.6 (Continued) 
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EXHIBIT A-10.7 
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EXHIBIT A-10.7 (Continued) 
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EXHIBIT A-10.7 (Continued) 
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EXHIBIT A-7.70 EXHIBIT A-10.8 
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EXHIBIT A-10.9 
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EXHIBIT A-10.10 
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EXHIBIT A-10.11 
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EXHIBIT A-10.12 
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EXHIBIT A-10.13 
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EXHIBIT A-10.14 
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EXHIBIT A-10.15 
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EXHIBIT A-10.16 

Missouri River Existing Conditions Water Surface Elevations 


